Cool-season forages provide high-quality forage throughout the cooler months, which can reduce winter feed and hay consumption by extending the grazing season in the Southeast. Limited research has been conducted to simultaneously evaluate common annual and perennial cool-season forage options during this time period. A 2-year grazing trial was conducted to evaluate annual ryegrass (Lolium multiflorum L.), mixtures of cereal rye (Secale cereal L.) and annual ryegrass, and novel endophyte tall fescue [Lolium arundinaceum (Shreb.) Darbysh.] seeded with annual crimson clover (Trifolium incarnatum L.), perennial white clover (Trifolium repens L.), or treated with spring-applied N fertilizer. Parameters evaluated were timing and length of grazing season, forage nutritive value, forage dry matter (DM) availability, animal performance, and economic returns. Economic analysis evaluated monetary returns per acre. In Year 1 (2013-2014) annual treatments provided 68 days of grazing while perennial treatments provided 75 days. In Year 2 (2014-2015) mixtures of cereal rye and annual ryegrass provided 57 days, while annual ryegrass and novel endophyte tall fescue treatments provided 85 and 84 days, respectively. Animal average daily gain (ADG) and body weight (BW) gain/acre was greatest for ryegrass and tall fescue and least in treatments containing cereal rye. No differences in animal performance were observed between legume and N fertilizer within forage base. Novel endophyte tall fescue treatments had positive returns per acre compared with negative returns for annual treatments. These results indicate that under conditions of similar animal performance and forage production, novel endophyte tall fescue systems may provide a more economical option for producers in the lower transition zone of the Southeast.
are often fed hay or other stored feeds for at least 8 weeks during the winter (Harris et al., 1972) . Due to increased costs of production, reducing the length of time livestock must be fed stored forages is of growing interest for the stocker cattle industry in the Southeast (White et al., 1989; Gunter et al., 2002) . Utilization of cool-season forages can reduce winter hay and feed requirements by extending the grazing season (Hoveland et al., 1978) while providing high-quality forage throughout the spring (Beck et al., 2008) .
In the Southeast, tall fescue is the predominant cool-season perennial grass species adapted to the region. Southeastern producers may also consider using cool-season annuals to support livestock production during this time of the year. Ball and Prevatt (2009) observed that of 37 stocker grazing studies conducted in Alabama, five of the 10 lowest calculated pasture costs per pound of gain were achieved in cool-season production systems. However, there has been no evaluation to date to concurrently assess the difference among annual-or perennial-based systems for grazing during the winter months in the lower transition zone of the Southeast. The objective of this study was to simultaneously evaluate perennial and annual cool-season forages in a real-world production scenario using continuous stocking at a fixed stocking rate to reflect the predominant management practices used by producers in the lower transition zone. Parameters evaluated were timing and length of grazing season, forage nutritive value, forage dry matter (DM) availability, animal performance, and economic returns.
Location, Establishment, Data Collection, and Analysis
A 2-year grazing experiment was conducted during the late winter to early spring of 2014 and 2015 (Year 1 and Year 2, respectively) on twelve 2-acre paddocks at the Sand Mountain Research and Extension Center located in Crossville, AL (34°17¢ N, 85°59¢ W; elevation 1145 ft) on Hartsells fine sandy loam soils. Four annual cool-season forage treatments were randomly assigned to eight paddocks, and two perennial forage treatments were randomly assigned to four existing novel endophyte tall fescue paddocks, each with two replications (Fig. 1 ). Treatments were 'Texoma MaxQ II' novel endophyte tall fescue (Pennington Seed, Madison, GA) treated with nitrogen fertilizer in the spring or overseeded with 'Durana' white clover (Pennington Seed Madison, GA), 'Nelson' annual ryegrass (Wax Seed Company, Amory, MS) treated with nitrogen fertilizer in the spring or coseeded with 'Dixie' crimson clover, and 'Graze King 90' cereal rye seeded with Nelson annual ryegrass and treated with nitrogen fertilizer in the spring or seeded with Dixie crimson clover.
Existing novel endophyte tall fescue stands were established 26 to 28 October 2011 and used for grazing trials and hay production prior to this study. In the fall of each year (8 October and 18-19 September, Year 1 and 2, respectively) cereal rye (100 lb/acre), annual ryegrass (25 lb/acre), and crimson clover (25 lb/acre) were drilled on 7-inch row spacing with a no-till Weights and total grazing days were used to determine average daily gain (ADG). Total animal BW gain per acre was calculated using ADG, total days of grazing, and stocking rate. Paddocks were continuously grazed at a fixed stocking rate of 2 steers/acre (4 steers/paddock). For each year, grazing was initiated once available forage DM was estimated to be above 1785 lb/acre. Grazing was terminated when steer ADG fell below 1 lb/day or available forage DM was estimated to be <1000 lb/acre (approximate amount of available forage DM required to support steer ADG of 1 lb/day at the stocking rate utilized in this study [Beck et al., 2013] ). Steers were provided free-choice mineral mix containing lasalocid (VMS Kowpoke 4 B1200, Ridley Block Operations, Mankato, MN) and water ad libitum throughout this study. All practices and procedures used in this experiment were examined and approved by the Institutions Animal Care and Use Committee at Auburn University (2013-2367).
Forage DM availability was estimated at the initiation, termination, and every 28 days of the grazing period utilizing a calibrated falling disc meter as described by Bransby et al. (1977) . In this study, available forage DM is defined as the plant material that is >2 inches from the soil surface. Thirty disc meter readings and five calibration samples were taken from each paddock covering the range of forage DM availability. Forage was clipped to 2 inches above soil for calibration and forage quality analysis. Forage samples were transported to the Auburn University Forage Quality Laboratory and dried to a constant weight in a forced-air oven at 140°F. Samples were weighed and ground to pass through a 1-mm screen in a Wiley Mill (Thomas Scientific, Swedesboro, NJ). All forage samples were scanned using a Perstorp Analytical 5000 nearinfrared spectrophotometer (NIRS) (Foss North America, Eden Prairie, MN). Crude protein (CP) and total digestible nutrients (TDN) were estimated using prediction equations developed by the NIRS Forage and Feed Testing Consortium (Hillsboro, WI).
Mixed models procedures as implemented in SAS 9.4 PROC MIXED (SAS Institute, 1994) were used for data analysis. Year, forage treatment, and their interaction were treated as fixed effects, whereas replication (= paddock) and the residual were the random effects. Because the year ´ forage treatment interaction was significant (P < 0.10), preplanned orthogonal contrasts were used to compare forage treatments within each year. Based on the custom in agronomic research, we considered a contrast P value < 0.05 to be significant.
Timing and Length of Grazing Season on Cool-Season Forages
In Year 1, time of grazing initiation and termination ( Fig. 2 ) differed among forage treatments. The earliest is cereal rye followed by annual ryegrass and novel endophyte tall fescue. Grazing was initiated later in Year 1 than in Year 2 on all treatments due to below-average temperatures during the critical growth months of January and into February (Fig. 3) .
In Year 2, December and January temperatures were close to optimum; however, unusually low ambient temperatures (minimum of 7°F) were observed at the research site in late February that resulted in frost damage to annual ryegrass and crimson clover stands. Forage availability on the annual ryegrass and annual ryegrass plus crimson clover treatments were estimated to be below 1000 lb DM/acre on Fig. 2 . Gantt chart of grazing timing and duration of each forage base by year.
the subsequent sampling date, and steers were temporarily removed from those treatments until 26 March.
Cereal rye provided the earliest grazeable forage and proved to be the most cold-hardy of all the forage species in this evaluation, particularly in the second year when below-freezing temperatures decreased productivity of annual ryegrass and annual ryegrass plus crimson clover stands and novel endophyte tall fescue had yet to emerge from winter dormancy. Because of this, the majority of the grazing on ryegrass and ryegrass plus crimson clover treatments occurred during and after March. Redfearn et al. (2005) reported forage production of annual ryegrass was greatest from 1 March until the end of the growing season in a 12-year variety trial conducted at several locations. Based on these results, annual ryegrass should be an appropriate companion species to the earlier maturing cereal rye, serving to extend the length of cool-season grazing period. Grazing on treatments that contained novel endophyte tall fescue was initiated later and provided forage furthest into the summer.
Forage Dry Matter Availability and Nutritive Value Of Cool-Season Forages
In Year 1, forage DM availability (Table 1 ) of mixtures containing cereal rye was greater than all other treatments, due to the rapid growth and maturity of this small grain component early in the production season. In Year 2, forage DM availability did not differ within treatments containing cereal rye, but was less than all other treatments. Selective grazing of cereal rye after stands of annual ryegrass and crimson clover were hindered in late February resulted in less forage DM availability of cereal rye mixtures compared with the other treatments in Year 2. Treatment comparisons between legume inclusion and chemical N fertilizer resulted in greater forage DM availability in fertilized paddocks vs. those containing clover; however, in Year 2 pasture composition of all stands had <15% legume presence. Therefore, greater forage DM availability in annual ryegrass and novel endophyte tall fescue treatments compared with clovercontaining treatments is the result of spring chemical N fertilizer application vs. nonapplication.
Concentrations of forage TDN and CP differed among treatments within year (Table 2) . In Year 1, TDN values were greater for all N-fertilized treatments than clover treatments, and CP concentrations were greatest for N-fertilized tall fescue and cereal rye plus annual ryegrass treatments. In Year 2, greater TDN was observed for rye plus annual ryegrass N-fertilized treatments and annual ryegrass plus crimson clover treatments than all other treatments. As expected, a lack of clover presence in Year 2 resulted in greater CP concentrations in all N-fertilized treatments. While differences were detected, observed TDN values across all treatments met the required levels for 1.5 to 2+ lb/day of gain for 500-to 700-lb growing steers as manifested in ADG data (National Research Council, 2000) . In an evaluation conducted by Gleghorn et al. (2004) , CP concentration showed a positive correlation with ADG up to a maximum of 13% CP. With the exception of combined cereal rye, annual ryegrass, and crimson clover treatment in Year 1, CP values were equal to or greater than 13% for all treatments in both years.
Animal Performance when Grazing Cool-Season Forages
No significant differences were observed between steers on treatments containing a legume and those treated with N fertilizer in either year. Mean ADG and total animal BW gain of steers is presented in Table 3 . All treatments supported ADG values of >1.7 lb/day. Steers on ryegrass treatments achieved 2+ lb/day in both years, while the steers on rye plus ryegrass gained >2 lb/day in Year 2 only. This is likely due to the quick growth and maturity causing a decline in forage quality of the rye-containing treatments in Year 1. Beck et al. (2005) reported that under warm conditions with adequate rainfall, as observed during this study in the spring of the first year, cereal rye will increase in maturity and decline in forage quality more rapidly, resulting in reduced animal performance. Because steers were on the rye plus ryegrass treatments earlier in Year 2 and cold weather favored the growth of cereal rye over the coplanted species, cereal rye was maintained in a vegetative growth phase by grazing pressure and sustained greater forage quality than in Year 1. Steers grazing annual ryegrass and tall fescue had greater gain per acre than treatments containing rye due to the longer grazing season into the spring offered by these forage treatments. * Significant difference (P < 0.05) between +Legume and +N treatments. † Within year, response variable, and row, means without common lowercase letters differ (P < 0.05).
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Economic Evaluation of Grazing CoolSeason Forages
The forage and animal performance data from each treatment were evaluated with respect to their costs and returns. Enterprise budgets were developed for each of the forage treatments to determine the estimated cost of forage production per acre. The costs of each treatment were calculated by multiplying the quantities of inputs used by the market prices for the region Interrante et al., 2012) . The costs that were included in the enterprise budgets were seed, fertilizer, lime, weed control, custom spread applications, machinery and equipment, labor, operating interest, soil test, forage test, and land rent. The establishment costs for novel endophyte tall fescue were amortized over a 10-year expected useful life of the stand. Estimated establishment costs for novel endophyte tall fescue were $285.65 per acre. After amortizing the establishment costs over their expected 10-year useful life the prorated establishment cost of novel endophyte tall fescue was $28.56 per acre. Treatments that included cereal rye, annual ryegrass, and crimson clover were only expected to have a 1-year useful life and were not amortized.
This study did not fully utilize all of the grazing days available from the cereal rye and the novel endophyte tall fescue treatments, as it focused primarily on use during the later winter and early spring months and did not include the forage available for fall grazing. Therefore, in this economic analysis only the forage costs from the grazing days that were utilized are allocated to those treatments. An assumption made in this analysis is that the stocker producer is utilizing a multiseasonal production program which would allow them to utilize this forage during the fall and early winter.
The average total gain per acre from each grazing treatment was multiplied by the value of gain to determine the estimated revenue per acre. The Alabama Weekly Livestock Summary was used to calculate the value of gain for the time period and steer weights that were evaluated in this study. During 2013 and 2014, feeder steers weighing approximately 525 pounds during February were assumed to be purchased and grazed until being marketed during June weighing approximately 600 lb. The average value of gain was $0.96/ lb, which is representative for the time period and weights evaluated in this study.
The estimated returns over grazing costs per acre were calculated by subtracting the estimated grazing costs per acre from the estimated revenue per acre. Estimates of the revenue, cost, and returns from each grazing treatment at the Sand Mountain Research and Extension Center during 2014 and 2015 are provided in Table 4 . The economic results of this study reveal that the revenues among the treatments ranged from $96.83 to $149.67 per acre, whereas grazing costs ranged from $103.87 to $153.49 per acre. The estimated returns over grazing costs ranged from −$54.46 to $26.72 per acre. The estimated returns over grazing costs for tall fescue and tall fescue with white clover were $12.10 and $26.72 per acre, respectively, while the estimated returns for annual treatments ranged from −$3.83 to −$54.46.
The economic results of this study are sensitive to the levels of animal performance, cost of forage production, number of grazing days, and value of gain. Changes in these parameters will significantly affect the estimated returns over grazing costs per acre of the study.
Key factors attributing to the difference in the returns of annuals and perennials lie largely in the cost of forage production and the total gain per acre. Novel endophyte tall fescue is a perennial forage that allows the cost of establishment to be prorated over multiple years, making it a less expensive forage option when compared with cool-season annuals. The other major variable contributing to the difference in the returns was total gain per acre. The total gain per acre is made up of ADG and the number of grazing days. In this study, the treatments containing cool-season annual and perennial forages had similar ADGs. Therefore, the number of grazing days is an economically important variable as the forage system with the most grazing days would likely produce more pounds of total gain per acre when ADGs are similar. Thus, these data suggest that without a significant increase in the performance of cattle on annual pasture systems, cool-season perennials will be a more economical option during this timeframe. Additionally, while the returns to the cool-season annual forage treatments were negative, cereal rye would likely still be a more economical option for producers than feeding hay or feedstuffs during the late-winter and early-spring timeframe (Coffey et al., 2002) .
Implications for Producers
Results of this simultaneous cool-season forage comparison under real-world production management indicate that annual ryegrass and mixtures of annual ryegrass and cereal rye treated with N fertilizer or seeded with crimson clover can provide high-quality forage during the late winter and early spring when production of other forages is limited. Cool-season annual forages are a viable option for extending the grazing season, serving to mitigate reliance on stored feeds during the coldest months in the Southeast. While initiation of grazing is later with novel endophyte tall fescue, this cool-season perennial grass provides similar animal performance and available forage DM to annual ryegrass, and is available for grazing further into the calendar year than the cool-season annual forages evaluated. While differences were observed in forage nutritive value among cool-season systems, all treatments maintained a level of quality throughout the study that met required National Research Council levels to support 1.5 to 2.0 lb/day gain for growing steers.
Economic evaluation determined that novel endophyte tall fescue had greater profit potential compared with the annual forages evaluated due to a lower cost of establishment, similar levels of forage production, and a greater number of potential grazing days within the tall fescue regions of the lower transition zone.
Information obtained from this evaluation may be used by producers considering cool-season forages as an option to extend grazing during the colder months in the tall fescue region of the Southeast. Intensive management with adjustments to stocking rate and grazing method throughout the grazing period can help producers improve forage utilization and efficiency within the cool-season forages compared in this study. Development of year-long forage grazing plans will help producers determine which of the evaluated forages, or combination of these forage components, is most feasible within their specific forage system.
